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Agonist-induced activation of a non-selective ion current in glomerular
endothelial cells. The control of intracellular calcium activity ([Ca2I)
and membrane voltage (Vm) play an important role in regulating functions
of glomerular endothelial cells (GEC). We investigated the effect of
extracellular ATP on the intracellular [Ca2I1, V, and ion conductances in
GEC. ATP (100 jmol/liter) induced a rapid increase of [Ca2]1 in GEC
from 20 6 to 442 84 nmol/liter, which was followed by a sustained
Ca2 plateau of 112 29 nmol/liter. In a bath solution with a low
extracellular Ca24 concentration the ATP-induced [Ca21 peak was still
present, but the [Ca2I plateau was completely prevented. In 186
experiments with the patch clamp technique the addition of ATP (Ito 100
j.Lmol/liter) to GEC induced a transient small hyperpolarization, which
was followed by a depolarization. During the ATP-induced depolarization
an increase of the whole cell conductance was found. The Ca2 ionophore
A23187 (10 /Lmol/liter) mimicked the effect of ATP on Va,. Reduction of
the extracellular Ca2 to I /Lmol/liter itself depolarized GEC reversibly
from —88 2 to —60 12 mV and increased the ATP-induced
depolarization to —18 3 mV. In the absence of Na in the bathing
solution (replacement by NMDG) ATP induced only an attenuated
depolarization and no inward current was activated. Flufenamate (100
rmol/liter), a blocker of non-selective ion channels inhibited the ATP-
induced depolarization of V,,, significantly by 58 13%, whereas nicar-
dipine (10 mol/liter) or amiloride (10 jmol/liter) had no effect. Our data
indicate that the resting V, of GEC cells is almost completely dominated
by K conductances and that ATP activates a Ca2 dependent non-
selective ion conductance in GEC.
The endothelium plays a crucial role in the regulation of blood
vessel permeability and vascular smooth muscle tone. It is source
as well as target of various vasoactive hormones and an important
mediator of pathophysiological events in vascular injuly [1, 2]. A
great body of evidence supports the concept that glomerular
endothelial cells (GEC), as a microvasculatur endothelium and
like the endothelium in large vessels, are metabolically active.
They release mediators such as nitric oxide and platelet activating
factor and respond to a variety of agonists such as bradykinin or
thrombin [2, 3]. GEC derived mediators may influence the
contractile state of mesangial cells or podocytes. These cells are in
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close contact to GEC and GEC, therefore, may contribute to the
regulation of glomerular filtration rate. In contrast to vascular
endothelial cells, GEC do not respond to histamine. Thus, they
may possess unique signal transduction mechanisms [3]. The
control of the intracellular calcium activity ([Ca2]) plays a
crucial role in regulating GEC functions; for example, EDRF is
synthesized from the precursor L-arginine by a Ca2 dependent
NO-synthase [4, 5]. An increase of [Ca2]1 can be due to Ca2
release from intracellular stores or entry of Ca2 across the
membrane. The latter mechanism is dependent on the resting
membrane voltage. Therefore, the ion conductances involved in
the regulation of membrane voltage as well as the regulation of
agonist-activated ion conductances are critical for the understand-
ing of endothelial cell function. Recently it has been shown that
extracellular ATP stimulates inositolphosphate turnover and in-
creases [Ca2]1 in GEC [6]. However, nothing is know about the
regulation of membrane voltage and ion conductances in these
cells. The present study investigates the influence of extracellular
ATP on membrane voltage, ion conductances and [Ca2] in
GEC.
METHODS
Cell culture
Bovine GEC were isolated and cultured as previously described
[6]. In brief, calf glomeruli were obtained by the sieve technique
and incubated with collagenase type V (1 g/liter; Sigma, Deisen-
hofen, Germany) for five minutes. Glomerular remnants were
then suspended in RPMI 1640 medium with 200 g/liter fetal calf
serum (FCS), penicillin (1000 U/liter), streptomycin (10 mg/liter),
heparin sodium (5 mg/liter) and acidic fibroblast growth factor
(0.5 ig/liter) and plated on 2 g/liter gelatin-coated (300 bloom;
Sigma) 100-mm diameter tissue culture plates and incubated at
37°C in an incubator (5% C02, 95% air, water saturated). Primary
cultures of endothelial cells were detached with trypsin-EDTA,
and passaged at cloning density. GEC were characterized by
immunofluoresccnce and stained positive for factor VIII. Nega-
tive staining for a-smooth muscle actin, desmin and cytokeratin
excluded glomerular mesangial and epithelial cell contamination.
Patch clamp experiments
The patch clamp method used in these experiments has been
described in detail by Hamill et al [7]. GEC were mounted in a
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bath chamber on the stage of an inverted microscope, kept at 37°C
and were superfused with a solution containing (in mmol/liter):
NaC1 145, K2HPO4 1.6, KH,P04 0.4, CaCI2 1.3, MgC12 1,
D-glucose 5, pH 7.4. To vary the free Ca2 activity, the solutions
were prepared according to established techniques with EGTA
and NTA as Ca2 buffers. The Ca2 activity was calculated from
a standard equation and was determined with a Ca2 selective
electrode (Radiometer, Copenhagen, Denmark). The patch pi-
pettes were filled with a solution containing (in mmol/liter):
K-gluconate 95, KC1 30, Na2HPO4 4.8, NaH2PO4 1.2, CaC12 0.73,
MgCI2 1.03, EGTA 1, D-glucose 5, pH 7.2, Ca2 activity iO
mol/liter. The patch pipettes had an input resistance of 2 to 3 Mfl.
A flowing (10 jd/hr) KCI (2 mol/liter) electrode was used as a
reference. The data were recorded using a LM EPC-7 patch
clamp amplifier (List, Darmstadt, Germany) and continuously
displayed on a pen recorder. The access conductance (Ga) was
monitored in most of the experiments by the method recently
described [8]. The membrane voltage (V) of the cells was
recorded continuously using the current clamp mode of the patch
clamp amplifier. To obtain the whole cell conductance (Gm) the
voltage of the respective cell was clamped (Va) to Vm. Starting at
this value, the whole cell current was measured by depolarizing or
hyperpolarizing V in steps of 10 mV to 40 mV. Gm was
calculated from the measured whole cell current (I), Ga and V
using Kirchhoff's and Ohm's laws.
Measurements of the intracellular calcium activity ([Ca211)
Measurements of [Ca2]1 with the Ca2 sensitive dye fura-2
were performed in GEC with an inverted fluorescence microscope
setup [9, 101. The system allows fluorescence measurements at the
single cell level at three excitation wavelengths. The field of
measurement can be chosen by an adjustable pinhole between 2
and 300 jim diameter. A time resolution of up to 200 Hz was
reached using a high-speed filter wheel and a single photon
counting tube (Hamamatsu H63460-04, Hersching, Germany).
The raw fluorescence signals were corrected for noise and
autofluorescence. A calibration of the fura-2 fluorescence signal
was performed at the end of the protocol using the Ca2
ionophore ionomycin (5 jimol/liter) and low and high Ca2
buffers.
Solutions and chemicals
The standard solution (control) contained (in mmol/liter): 145
NaCI, 1.6 K2HPO4, 0.4 KH2PO4, 1.3 Ca-gluconate, I MgCl2, 5
D-glucose, pH 7.4. For Ca2-activities of I jimol/liter and lower,
solutions were buffered with cthylene-glycol-bis(-aminoethyIeth-
er)N,N,N',N'-tetraacetic acid (EGTA). The following agents
were used: fura 2-AM, pluronic F127, ionomycin, adenosine
triphosphate (ATP), flufenamic acid, charybdotoxin (all Sigma,
Deisenhofen, Germany).
Statistics
The data are given as mean values SEM (N), where N refers
to the number of measurements. The paired Student's 1-test was
used to compare mean values within one experimental series.
Data from two groups were compared by unpaired 1-test. A P
value of < 0.05 was considered to be statistically significant.
RESULTS
Baseline membrane voltage Wm) measurements and the effect
of extracellular K concentration on Vm
In 186 experiments in the fast whole cell configuration a stable
Vm of —87 1 mV was obtained. When the extracellular K
concentration was increased rapidly from 3.6 mmol/liter to 15 or
30 mmol/liter, the cells depolarized to 30 3 mV and 47 7,
respectively (both N = 6). Figure 1 summarizes the measured
baseline Vm values of GEC and the effect of an increase of
extracellular K concentration on Vr,. It is apparent that the
slope of the curve of Vm as a function of the logarithm of
extracellular K concentration follows almost the slope predicted
by the Nernst equation for '.
ATP depolarized m and activated an inward and an outward
current in GEC
Addition of ATP (1 to 100 jimol/liter) to GEC induced a small
transient hyperpolarization, which was followed by a subsequent
depolarization (Fig. 2). A concentration of 10 jimol/liter ATP led
to a significant hyperpolarization from —88 I to —90 I mV,
which was followed by a significant depolarization to —65 1 mV
(N = 66). In the presence of ATP membrane voltage was clamped
to positive and negative values. One hundred jimol/liter (10
jimol/liter) ATP increased the whole cell conductance from 34
5 to 79 16 nS (12 2 to 17 2 nS) for the positive clamp range
and from 37 3 to 74 7 nS (12 1 to 17 nS) for the negative
clamp range. All effects were statistically significant. Figure 2
shows an original experiment of the effect of ATP (100 ftmol/liter)
on V,, (upper trace) and the whole cell conductance (lower trace)
of a GEC.
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Fig. 1. The membrane voltage (V0,) of glomerular endothelial cells
(GEC) is largely determined by a K diffusion voltage. Symbols are: solid
line, V,,, measurements, mean values SEM; dashed line, the Nernst
function, assuming a cytosolic K concentration of 150 mmol/liter.
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Fig. 2. Recording of the effect of ATP (100 imoI/Iiter) on membrane
voltage (Vm, upper panel) and membrane conductance (Gm) in GEC. ATP
caused a depolarization and an increase of G,,,. For measurement of Gm,
the voltage of the respective cell was clamped to the resting Vm. Starting
at this value, the whole cell current was measured by depolarizing or
hyperpolarizing V,,, in steps of 10 mV to 40 mV.
Characterization of the nucleotide receptor
Like ATP, ATP-y-S (10 iimol!liter) depolarized the cells sig-
nificantly from —85 2 to —55 8 mV (N = 9). To characterize
the receptor involved, the Vm response to UTP and synthetic ATP
analogues was examined: 2-methylthio-ATP and UTP depolar-
ized GEC to the same extent as ATP, whereas a,/3-methylene-
ATP had no effect. Figure 3 shows the concentration response
curves of the depolarization induced by the different nucleotides.
Reduction of the extracellular Ca2 concentration enhanced
the effect of ATP on Vm
Reduction of the extracellular Ca2 concentration (from 1
mmol/liter to 1 imol/1iter) depolarized the cells reversibly and
significantly from —88 2 to —60 12 mV and increased the
inward conductance by 7 3% (N = 5). In the presence of a low
extracellular Ca2 concentration (1 itmol/liter), the depolariza-
tion by ATP (100 kmol/liter) was significantly and reversibly
augmented from —60 12 to —18 3 mV and the inward
conductance was increased slightly by 9 5% (N = 5). Figure 4
summarizes the effect of ATP on Vm of GEC at normal and
reduced extracellular Ca2 concentrations.
The Ca2 ionophore A23187 mimicked the Vm response to ATP
Exposure of GEC to A23187 (10 tmo1/liter, N 5) resulted in
a small hyperpolarization by 2 1 mV which was followed by a
significant depolarization from —81 3 to —65 5 mV. A23 187
increased the whole cell conductance by 15 5% for the positive
clamp range and by 19 4% for the negative clamp range. Both
changes were significant. The depolarization lasted as long as the
Ca2 ionophore was present. After removal of A23187 Vm of
GEC returned to —78 3 mV (data not shown).
The effect of ATP was not mediated by a C1 conductance
To examine whether an activation of a Cl conductance was
responsible for the depolarization induced by ATP, we decreased
the extracellular Cl concentration (from 145 to 32 mmol/liter) in
the absence and presence of 10 jimol/Iiter ATP and monitored the
Control 10
Fig. 3. Characterization of the nucleotide receptor involved in the ATP-
induced membrane voltage response (Vm): Concentration-response
curves of (S) ATP, (0) UTP, (A) 2-methylthio-ATP, (V) aj3.methylene-
ATP on Vm of GEC. In comparison to ATP, UTP, ATP-y-S and 2-meth-
ylthio-ATP are approximately equipotent, whereas aj3-methylene-ATP
and adenosine had no effect. (Number of experiments for 0_i, 1, 10, 100
jLmol/liter, respectively, for ATP: 6, 25, 66, 28; UTP: 6, 8, 5, 5; 2-methyl-
thio-ATP: 3, 8, 8, 5; a,3-methylene-ATP: 0, 3, 4, 6).
effect on Vm. Figure 5 summarizes the data: a reduction of the
extracellular C1 concentration led to a slight hyperpolarization
from —83 3 to —88 4 mV and did not alter the ATP induced
depolarization (N = 5, NS). With the low (32 mmol/liter) Cl
concentration in the bath the whole cell conductance was de-
creased by 15 5% (positive clamp range) and 19 8% (negative
clamp range). However, the ATP-induced whole cell conductance
increase by 39 18% (inward current) and 28 18% (outward
current) was unaltered. Therefore, a large reduction in the bath
C1 concentration had no effect on the ATP response.
Effect of a reduction of the extracellular Na concentration on
the ATP-mediated depolarization in GEC
A reduction of the extracellular Na concentration (from 145
to 12 mmol/liter, replacement of 133 mmol/liter Na by NMDG)
induced a significant depolarization of GEC (from —90 I to
—75 4 mV, 6 paired experiments). Addition of 100 1amol/liter
ATP in the presence of the low Na concentration depolarized
GEC further but not significantly to —72 I mV. Under these
conditions ATP did not induce any increase of the inward current
(N = 6, paired experiments). Figure 6 summarizes the effect of
ATP in the presence of normal and reduced bath Na concen-
tration on Vm and G,, (calculated from inward current). These
data indicate that under the present conditions Na is the major
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Ca2
Fig. 4. Summary of the effect of a reduction of the extracellular Ca2
concentration from 1 mmol/liter to 1 moI/Iiter (Ca2 .1,]) on the
ATP-induced membrane voltage (Vm) response. Reduction of the extra-
cellular Ca2 concentration depolarized V,, and increased the effect of
ATP (100 JLmol/liter) on Vm (N = 5) *Statistical significance when
compared to control; 5statistical significance between the effect of ATP
with normal and reduced extracellular Ca2 concentration.
charge carrier producing the ATP-induced depolarization and
conductance increase.
Charybdotoxin inhibited the ATP induced hyperpolarization of
GEC
Addition of charybdotoxin (10 nmol/liter), a blocker of Ca2
dependent K channels to GEC resulted only in a small depolar-
ization of the cells (from —87 2 to —84 3, N = 7, NS). In the
presence of charybdotoxin, the ATP (100 jimol/liter) induced
transient hyperpolarization was completely inhibited, but cells still
depolarized to —46 6 mV (N = 7, data not shown).
Effect of ATP on the intracellular calcium activity ([Ca2]1) in
GEC
The depolarizing effect of a reduction in the bath Na' concen-
tration (cf. above) is compatible with the existence of a Ca2INa
exchanger in GEC; with reduced extracellular Na the Ca2 '/Na
exchanger exports less Ca and therefore [Ca2I would increase
and might have activated a Ca2 dependent ion conductance. To
test this hypothesis, the effect of extracellular Na depletion and
its effect on ATP-induced increase of [Ca2]1 in GEC was
examined. ATP (100 j.tmol/liter) induced a rapid increase of
[Ca2]1 from 20 6 to 442 84 nmol/liter, which was followed by
a sustained Ca2 plateau of 112 29 nrnol/liter (N = 6, Fig. 7A).
ATP ATP
I I I I
Cl3:2
I I
Fig. 5. Effect of a reduction of the extracellular Cl concentration (from
145 to 32 mmol/liter) on membrane voltage (Vm) of GEC in the absence
and presence of ATP (10 imol/liter). In the presence of a low extracellular
C1 resting Vm and the Vm response to ATP did not change significantly
(N = 6). *Statistical significance when compared to control; §statistical
significance between V,,, in a low Cl solution and that with ATP in a low
C1 solution.
In the absence of extracellular Na (and complete replacement by
NMDG) [Ca2] was slightly but not significantly increased and
the ATP-iriduced increase of [Ca2I1 was not changed (N = 5, Fig.
7 A, B). In a solution with low extracellular Ca2 ATP still
induced the [Ca2]1 peak, but the [Ca2]1 plateau was significantly
decreased (N = 5; Fig. 7 A, B).
Flufenamate, but not nicardipine or amiloride inhibited the
ATP-mediated depolarization
Flufenamate (100 tmol/liter), a blocker of non-selective cation
and Cl channels [11] depolarized GEC slightly but significantly
by I 0.3 mV (N = 7). In the presence of flufenamate the ATP
(10 jimol/liter) induced depolarization was significantly attenu-
ated by 58 13% (N = 7). In contrast, a five minute preincuba-
tion of GEC with the L-type Ca2 channel blocker nicardipine (10
mol/liter) or amiloride (10 j.rmol/liter), a blocker of epithelial
Na channels [12], neither influenced baseline V nor the Vm
response to ATP (both N = 7). Figure 8 summarizes these
experiments.
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DISCUSSION
Most of the current understanding of endothelial cell function
is based on studies of the endothelium of large vessels. In part,
due to methodical difficulties in establishing cell cultures, little is
known about functional properties of microvascular endothelium
[2]. Glomerular endothelial cells represent one of three resident
glomerular cell types and the knowledge of their cellular function
is required to understand glomerular physiology and pathophysi-
ology. Recently it has been shown that glomerular endothelial
cells respond to extracellular ATP exposure with an increase of
the cytosolic calcium activity [3]. Extracellular ATP exerts impor-
tant physiological actions in a variety of cells. In endothelial cells
ATP stimulates the release of prostacylin, a potent inhibitor of
platelet aggregation and a vasodilator that also stimulates synthe-
sis of nitric oxide, the mediator of endothelium dependent
relaxation [13, 14]. The second messenger for these effects is at
least in part cytosolic Ca2t It is released from intracellular stores
and enters the cell from the extracellular space through Ca2
permeable ion channels in the plasma membrane. Therefore, the
regulation of membrane voltage and the mechanisms of Ca2
entry are important for the understanding of endothelial cell
function [15].
In the present study we have examined the effect of extracellu-
lar ATP on [Ca2], membrane voltage and ion currents in GEC.
The baseline membrane voltage in GEC is very close to the
equilibrium potential for K (EK). The baseline membrane
voltage in GEC of —88 mV is much more negative in comparison
to the resting membrane voltage of glomerular mesangial cells
(—50 mV) and glomerular epithelial cells (—40 mV), respectively
[16, 171. Other types of endothelial cells demonstrate a less
hyperpolarized baseline membrane voltage: a value of about —77
mV has been reported for aortic endothelial cells, whereas
endothelial cells of coronary endothelial cells are reported to
possess a membrane voltage of only —35 niV [18, 19].
In GEC extracellular ATP induced a small transient hyperpo-
larization, which was followed by a depolarization and an increase
of the whole cell conductance. Since specific antagonists of purine
receptors are not yet available, the classification of the purino-
ceptors has been performed by using analogues of ATP and
determining their relative potency. In comparison to ATP, uridine
trisphosphate (UTP) was almost equipotent and cs,f3-methylene-
ATP was without effect. This indicates that the response to ATP
is mediated by a so-called P2,,2 receptor (formerly termed P2,
receptor) [14, 20]. In glomerular mesangial cells it has been
discussed that ATP may regulate several cellular functions via
different purinoceptors [21]. In GEC the increase of [Ca2] and
membrane voltage responses are exerted by the same agonists and
therefore may be mediated by a single receptor [6].
Aortic endothelial cells possess CL channels. It has been shown
that ATP activates a CL current in these cells [22]. In the present
study a low extracellular CL concentration did not alter the
ATP-induced depolarization, indicating that ATP did not activate
a Cl - conductance. These findings are in contrast to the regula-
tion of ion conductances in glomerular mesangial and epithelial
cells, where ATP activates a CL conductance ([16] and personal
unpublished observations).
The ATP-induced depolarization in GEC was not influenced by
nicardipine, an inhibitor of voltage dependent Ca2 channels.
This suggests that ATP-mediated depolarization was not due to
an activation of a dihydropyridine sensitive Ca2 conductance,
which has been observed in capillary endothelial cells [23].
To exclude the activation of a Na selective ion conductance by
ATP in GEC, the influence of amiloride, a specific inhibitor of
epithelial Na channels and brain microvessel endothelial cells
[24], and the effect of replacing extracellular Na by NMDG on
the ATP-induced membrane voltage response were examined.
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Fig. 6. Effect of a reduction of the extracellular Na concentration (from
145 to 12 mmol/liter, replacement by NMDG) on the ATP-induced effect
on membrane voltage (V,) and inward conductance (Gm) in glomerular
endothelial cells. In the presence of a low Na the V response to ATP
(100 j.tmol/liter) was reduced (A) and the ATP-indueed inward conduc-
tance was inhibited (B; N = 7, paired experiments). *Statistical signifi-
cance between V, and Gm in the presence of ATP and that with ATP in
a NMDG solution.
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Amiloride had no effect on membrane voltage or on the mem-
brane voltage response to ATP, indicating that the ATP-mediated
effect was not due to an opening of an amiloride-sensitive
selective Na channel. The ion replacement studies show that the
reduction of extracellular Na depolarized GEC by some 20 mV.
This depolarization might have been caused by the Na7Ca2
exchanger. A Ca2 iNa exchanger has recently been described in
intact endothelium of the cardiac valve [25], whereas it does not
contribute significantly to the Ca2 regulation in cultured endo-
thelial cells [26]. The present microfluorescence data in GEC
show that extracellular ATP increases [Ca2]. The [Ca2] in-
crease was mediated by a release of Ca2 from intracellular stores
and a Ca2 influx from extracellular space. However, removal of
extracellular Na neither increased [Ca2I nor inhibited the
ATP-induced [Ca2 ] response in GEC. Thus, the depolarization
observed under Na free conditions is not due to the presence of
a Ca2INa carrier in GEC. Additional experiments will have to
investigate other putative mechanisms for the depolarization
induced by Na removal such as cellular acidification via inhibi-
tion of a Na/H antiporter. Preliminary experiments utilizing I
j.mol/liter ethyl-isopropyl-amiloride to inhibit this exchanger also
render this explanation unlikely.
Fig. 7. ATP increased [Ca2]1 in GEC.A.
Original recording of the effect of ATP (100
/Lmol/liter) in the presence of normal (1 mmol/
liter, a) and reduced (1 jmo1/liter, b) Ca2 in
the bath or a Na free (NMDG, c). B.
Summary of the data. The ATP-induced [Ca2]
plateau was inhibited in the low Ca2 solution
(a vs. b). Extracellular Na free solution did
not significantly influence [Ca2] (c) and the
effect of ATP (N = 5 to 6). *Statistical
significance when compared to control.
With respect to the ATP-induced depolarization and conduc-
tance increase the present experiments are conclusive: both effects
were attenuated or even completely suppressed in the presence of
a lowered bath Na concentration. Hence, the presence of Na is
required for the ATP-induced conductance increase. The small
depolarization induced by ATP in the presence of a low bath Na
concentration is best explained if the conductive pathway gated by
ATP would possess some additional permeability for other depo-
larizing cations such as Ca2. In this respect it is interesting that
a reduction of the extracellular Ca2 concentration depolarized
the membrane voltage of GEC and augmented the depolarizing
effect of ATP. This observation might be explained by a compe-
tition of Ca2 and Na' ions for a common binding site in a
non-selective channel. Therefore, the present data suggest that
ATP opens cation channels that can conduct Na and Ca2. In
the absence of extracellular Ca2 the channels might predomi-
nantly conduct Na and in the absence of extracellular Na2 they
may conduct Ca2 Similar observations of an agonist-induced
activation of a non-selective cation current have been reported in
endothelial cells from human veins [27]. The inhibition of the
ATP effect by flufenamate supports this conclusion [ii].
In vitro studies suggest that GEC-derived EDRF modulates the
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contractile state of mesangial cells [3]. An activation of the
non-selective cation channel in GEC could help maintain eleva-
tion of [Ca2] and EDRF release. Therefore, the non-selective
cation channel in GEC might be involved in the regulation of the
ultrafiltration coefficient K1.
The non-selective cation conductance in GEC might be acti-
vated by a rise in [Ca2j, since a Ca2 ionophore mimicks the
effect of ATP on membrane voltage and since the time course of
the ATP-induced increase in [Ca2j1 and the ATP-induced mem-
brane voltage response were very similar. The ATP-mediated
[Ca2J1 rise may not only be responsible for the ATP-induced
depolarization but also for the hyperpolarization of GEC. Charyb-
dotoxin, an inhibitor of Ca2-dependent K channels, inhibited
the isyperpolarization induced by ATP and augmented the ATP-
mediated depolarization of the cells [28]. This indicates that Ca2
dependent K channels, which have been reported in vascular
endothelial cells, are also participating in the membrane voltage
response to ATP in GEC [15].
In summary, the present data indicate for the first time that, in
contrast to other glomerular cell types, the membrane voltage of
glomerular endothelial cells is mostly dominated by a K conduc-
tance. ATP induced a [Ca2 j increase, which was accompanied by
an activation of a fiufenamate-sensitive non-selective cation con-
ductance, which was probably permeable for Na and Ca2. The
activation of this channel may partially contribute to the agonist-
induced [Ca2 increase in glomerular endothelial cells.
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